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THE GEORGE C, MARSHALL SPACE FLIGJ3T CENTER'S 
14 x 14- INCH TRISONIC WIND TUNNEL TECHNICAL HANDBOOK 

SUMMARY 

This r e p o r t  is a desc r ip t ion  of t h e  14 x 14-Inch Tr i sonic  Wind 
Tunnel f a c i l i t y  a t  t h e  Marshall Space F l i g h t  Center and is published as 
a handbook f o r  t he  p o t e n t i a l  user of t h e  f a c i l i t y  who is no t  otherwise 
f ami l i a r  wi th  i t s  operat ion.  The following items a r e  presented t o  
i l l u s t r a t e  t he  c a p a b i l i t i e s  and operat ion of t h e  tunnel:  (1) f a c i l i t y  
desc r ip t ion ,  (2)  performance and opera t iona l  c h a r a c t e r i s t i c s ,  (3)  model 
design,  (4) instrumentat ion and data recording equipment, (5) data pro- 
cessing and p resen ta t ion ,  and (6)  preliminary t e s t  information required.  

INTRODUCTION 

Marshall Space F l i g h t  Center and i t s  predecessor organiza t ion  have 
t r a d i t i o n a l l y  followed t h e  philosophy t h a t  t h e  ex is tence  of an aero- 
dynamic backyard f a c i l i t y  is  e s s e n t i a l  t o  t h e  e f f i c i e n t  f u l f i l l m e n t  of 
t h e  c e n t e r ' s  mission. The concept requi res  t h a t  the f a c i l i t i e s  be 
reasonably s m a l l ,  inexpensive i n  c a p i t a l  investment and operat ion,  very 
f l e x i b l e  and e f f i c i e n t ,  and operable by a small  crew. Such f a c i l i t i e s  
provide the  cen te r  w i t h  a quick response c a p a b i l i t y  during conceptual 
design phases as wel l  as i n  emergency problems during f l i g h t  t e s t i n g .  
Another c a p a b i l i t y  provided is t h e  opportuni ty  f o r  inexpensive screen-  
ing,  prel iminary s tudy,  and technique development work, which a r e  
uneconomical i n  l a r g e  ou t s ide  f a c i l i t i e s .  Further ,  these  f a c i l i t i e s  
g ive  t h e  c e n t e r  a degree of responsiveness t o  i t s  special  and sometimes 
tedious problems t h a t  cannot be obtained from ou t s ide  organizat ions due 
t o  human f a c t o r s  such as f a m i l i a r i t y  wi th  t h e  problem, enthusiasm, and 
motivation, a l l  of which are not  e a s i l y  t r ans fe r r ed  from one organiza- 
t i o n  t o  another .  The f i n a l  con t r ibu t ion  is  t o  a f ford  t h e  c e n t e r ' s  
personnel t h e  opportuni ty  t o  maintain and advance t h e i r  t echnica l  
c a p a b i l i t y ,  a necess i ty  i n  t h e  proper formulation and d i r e c t i o n  of t h e  
c e n t e r ' s  programs. This f a c i l i t y  philosophy has proved t o  be q u i t e  
successfu l  i n  t h e  Redstone, J u p i t e r ,  Juno I, Juno 11, Pershing, and 
Saturn programs. 

The 14 x 14-Inch Trisonic  Wind Tunnel describqd i n  t h i s  r e p o r t  is 
a n  important p a r t  of t h i s  backyard capab i l i t y .  
s t r u c t e d  during t h e  period 1954-1955 and became opera t iona l  i n  e a r l y  1957. 

It w a s  designed and con- 



Other f a c i l i t i e s  inc lude  a 7 x 7-Inch Supersonic Wind Tunnel, an 
Impulse Base Heating F a c i l i t y  f o r  h igh  a l t i t u d e  base hea t ing ,  a Low 
Density Tunnel, a Thermal-Acoustic J e t  F a c i l i t y  and most r e c e n t l y  
a High Reynolds Number F a c i l i t y .  

The 14-inch tunnel  i s  operated and maintained through a c o n t r a c t  
wi th  Northrop Space Laborator ies  under supe rv i s ion  of NASA personnel 
of Aero-As trodynamics Laboratory,  Aerophys ics Divis  ion. A 1  though 
g e n e r a l l y  used i n  suppor t  of NASA-MSFC programs, the tunnel  is a v a i l -  
a b l e  t o  o the r  government agencies .  

This handbook is published wi th  t h e  hope t h a t  t h e  user  w i l l  have a 
b e t t e r  understanding of t he  14 x 14-Inch Tr i son ic  Wind Tunnel and i t s  
opera t ion .  This w i l l  a l low t h e  reader  t o  more thoroughly plan and 
fol low through wi th  a t e s t  program. 

Because t h e  information presented i n  t h e  handbook is s u b j e c t  t o  
change, f i n a l  v e r i f i c a t i o n  wi th  the  tunnel  s t a f f  i s  d e s i r a b l e  before  
any d e t a i l e d  planning is  undertaken. I n q u i r i e s  may be d i r e c t e d  t o  

Chief ,  Gas Dynamics Sec t ion  
Experimental Aerophysics Branch 
Aerophysics Div is ion  
Aero-Astrodynamics Laboratory,  NASA-MSFC 
Bldg. 4732 
Marshall Space F l i g h t  Center,  Alahama 35812 

TUNNEL SUMMARY 

The 14 x 14-Inch Tr i sonic  Wind Tunnel a t  t h e  George C. Marshall  
Space F l i g h t  Center (MSFC) i s  a t r i s o n i c  blowdown tunnel  w i th  i n t e r -  
changeable t e s t  s e c t i o n s .  The tunnel  i s  loca ted  i n  Building 4732 as 
shown i n  t h e  Area Map i n  F igure  1. The bu i ld ing  layout  i s  shown i n  
F igure  2. 

Complete in-house suppor t  is suppl ied by a competent t echn ica l  
s t a f f ,  a complete machine shop, an  electromechanical  s t a f f  ( e l e c t r o n i c s  
and model des ign) ,  and a photographic labora tory .  

I. Tunnel Spec i f i ca t ions  

Type of Tunnel Blowdown t o  atmosphere o r  
vacuum 

T e s t  Sec t ion  S ize  1 4  x 14 x - 20 inches 
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Nozzles 

Mach Number Range 

The t ransonic  tunnel  u t i l i z e s  i n t e r -  
changeable f ixed  contour blocks.  

The supersonic  s e c t i o n  uses f ixed 
contour p l a t e s  posi t ioned by 
hydraul ic  screw jacks.  

0130, - 1.3, 1.44, 1.93, 2.5 ( t ran-  
son ic  sec t ion )  
2.75 t o  5.00 (supersonic s.ection) 

Dynamic Press u r  e Rang e 2 t o  20 p s i  

Reynolds Number Range 1 t o  18 m i l l i o n / f t  

Stagna t i o n  Temperature Ambient t o  200°F; normally 100°F 

Run Time 

A i r  Storage 

1.5 t o  2.0 minutes ( t ransonic)  
45 t o  50 seconds (supersonic) 

6000 cubic  f e e t  a t  515 p s i a  and 
100 "F 

Vacuum Storage 42,000 cubic  f e e t  a t  0.1 p s i a  

Recharge Time 

11. Data System 

Angle of Attack 

Data Channels 

Data Computation 

5-10 minutes nominally f o r  t ran-  
sonic  and 15-20 minutes nominally 
f o r  supersonic  . Supplemental 
charging may be done wi th  3500 p s i  
p lan t  a i r  when needed. 

-10 t o  +10 degrees wi th  added range 
provided by o f f s e t  s t i n g s  up t o  90" 

1 2  data channels w i th  10 a v a i l a b l e  
t o  t h e  user 

On-site computer w i th  se tups  f o r  
pressure  and f o r c e  programs. 

3 
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DESCRIPTION OF TUNNEL 

The tunnel is an i n t e r m i t t e n t  t r i s o n i c  blowdown tunnel operated 
from pressure  s to rage  t o  vacuum or atmospheric exhaust.  The t e s t  
s e c t i o n  measures 14 x 14 inches i n  two of t h e  interchangeable 
t e s t  s ec t ions .  The t ransonic  s e c t i o n  provides f o r  Mach numbers of 
0.20 through 2.50 and the  supersonic s e c t i o n  provides f o r  Mach 2.75 
through 5.00. 

A i r  i s  supplied t o  a 6000 cubic f o o t  s to rage  tank a t  -40°F dew 
point  and 500 p s i a .  The compressor i s  a three-s tage  rec iproca t ing  u n i t  
dr iven by a 1500 hp motor. 

The tunnel flow is es tab l i shed  wi th  a servo-control led g a t e  valve.  
A i r  from the  con t ro l  va lve  flows through the  valve d i f f u s e r  i n t o  the  
s t i l l i n g  chamber where t h e  a i r  can be heated up t o  200°F. A i r  then 
flows i n t o  the  t e s t  s e c t i o n  which contains  the  nozzle blocks and t e s t  
a rea .  

S p e e d s  a r e  var ied i n  t h e  subsonic range by a c o n t r o l l a b l e  d i f f u s e r ,  
i n  t h e  t ransonic  range by perforated tunnel  w a l l s ,  i n  t h e  low (1 .5 -2 .5 )  
supersonic range by interchangeable  nozzle  blocks,  and i n  t h e  higher 
(2.75-5.00) supersonic  range by t i l t i n g  f ixed contour nozzle  blocks.  

The t ransonic  s e c t i o n  has v a r i a b l e  poros i ty  w a l l s  t h a t  allow for  
optimum wave cance l l a t ion  i n  the  t ransonic  flow region.  

Downstream of t h e  t e s t  s e c t i o n  i s  a hydrau l i ca l ly  cont ro l led  
s e c t o r  t h a t  provides f o r  angles of a t t a c k  of + lo"  wi th  var ious o f f s e t s  
extending the  p i t c h  l i m i t s  t o  90". 

The v a r i a b l e  d i f f u s e r ,  with i t s  movable f l o o r  and c e i l i n g  panels,  
is: t he  primary means f o r  con t ro l l i ng  the  subsonic speeds; it a l s o  allows 
f o r  more e f f i c i e n t  supersonic  runs.  The s e c t o r  assembly and d i f f u s e r  
te lescope  t o  allow easy access  t o  the  model and t e s t  s e c t i o n .  

The tunnel flow is then exhaus ted through an a c o u s t i c a l l y  damped 
tower t o  atmosphere o r  i n t o  t h e  vacuum f i e l d  of 42,000 cubic f e e t .  
The tanks a r e  evacuated by f i v e  vacuum pumps dr iven  by a t o t a l  of 
500 hp. 

Data a r e  recorded by a s o l i d  s t a t e  d i g i t a l  d a t a  a c q u i s i t i o n  system. 
The d i g i t a l  d a t a  are t r ans fe r r ed  t o  punched cards during the  run  t o  be 
reduced l a t e r  t o  proper c o e f f i c i e n t  form by a computer. 

The tunnel components and performance a r e  discussed i n  more d e t a i l  
la ter  i n  t h e  r epor t .  

5 



I l l u s t r a t i o n s  a r e  presented t o  f u r t h e r  f a m i l i a r i z e  t h e  reader  and 
p o t e n t i a l  tunnel  user  w i t h  the  bu i ld ing  and tunnel  t e s t  a r e a  l ayou t s .  
A l l  f i g u r e s  have t h e  major a r e a s  def ined and a r e  se l f - exp lana to ry .  

F igure  2 i s  a f l o o r  plan of Bui lding 4732 showing the  l o c a t i o n  of 
t h e  14 x 14-Inch Tr i son ic  Wind Tunnel. F igure  3 is a graphic  i l l u s t r a -  
t i o n  of t h e  complete tunnel  c i r c u i t  and a photograph showing t h e  tunnel  
t e s t  a r e a .  

T e s t  Sec t ion .  Three in te rchangeable  t e s t  s e c t i o n s ,  t h e  t r anson ic ,  
t h e  supersonic ,  and the  s p e c i a l  t e s t  s e c t i o n s ,  provide a wide range of 
aerodynamic t e s t i n g  c a p a b i l i t y .  These t e s t  s e c t i o n s  a r e  shown i n  
cutaway drawings i n  F igure  4. 

The t r anson ic  t e s t  s e c t i o n ,  t h e  pe r fo ra t ed  w a l l  type,  covers a 
Mach number range from 0.3 t o  2.50. The per fora ted  w a l l s  use 5/32-inch 
diameter ho les  which a r e  s l an ted  30" wi th  r e s p e c t  t o  t h e  flow d i r e c t i o n .  
The p o r o s i t y  of t h e  w a l l s  may be var ied  remotely by t h e  use of a double 
w a l l  arrangement from a minimum of 0 percent  t o  a maximum of 5.4 percent. 
This f e a t u r e  makes poss ib l e  b e t t e r  da ta  accuracy i n  the  Mach number 
range from 1.00 t o  1. 30 than would be  p o s s i b l e  wi th  f ixed  po ros i ty  
w a l l s .  

The Mach numbers between 0.3 and 0.90 a r e  obtained by using a con- 
t r o l l a b l e  d i f f u s e r .  The range from 0.95 t o  1.30 is  achieved through the 
use of plenum s u c t i o n  and t h e  per fora ted  w a l l s .  Mach numbers of 1.44, 
1.93 and 2.50 a r e  produced by in te rchangeable  s e t s  of f i xed  contour 
nozz le  blocks.  

An  automatic  Mach c o n t r o l l e r  main ta ins  a cons tan t  Mach number i n  the  
t r anson ic  range by c o n t r o l l i n g  plenum suc t ion .  
f o r  Mach v a r i a t i o n s  such as those  caused by a model p i t c h  cyc le .  

The c o n t r o l l e r  compensates 

The supersonic  t e s t  s e c t i o n  produces Mach numbers between 2.74 
This is accomplished by a and 4.96 i n  approximate 0.25 increments.  

s e t  of f ixed  contour blocks which can be t i l t e d  and t r a n s l a t e d  au to-  
m a t i c a l l y  by hydraul ic  means. 

The special  t e s t  s e c t i o n  w a s  b u i l t  f o r  t h e  purpose of i n v e s t i g a t -  
ing the  base  flow phenomena a s soc ia t ed  wi th  mult i -engine boos te r s .  This 
t es t  s e c t i o n  uses a plug-type nozzle  t o  produce a n  annular  flow f i e l d  of 
a 'desired supersonic  Mach number range. 
3.5 are  obtained by t r a n s l a t i n g  the  o u t e r  nozzle  w a l l .  The v e h i c l e  base 
o r  model i s  an ex tens ion  of t h e  nozz le .p lug .  
be s imulated cold by using a 3500 p s i  a i r  system. 

Mach numbers from 1.5 through 

I n t e r n a l  engine flow may 

Di f fuse r .  The d i f f u s e r  which i s  loca ted  immediately downstream of 
t h e  model suppor t  system i s  remotely a d j u s t a b l e  from t h e  c o n t r o l  console  
and is  ac tua ted  by two h y d r a u l i c a l l y  d r iven  screw jacks .  
opening may be va r i ed  from f u l l y  open t o  f u l l y  c losed  and provides the 
primary means f o r  speed c o n t r o l  i n  t h e  range of Mach numbers from 0 . 3  
t o  0.9. 

The t h r o a t  
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1. 500 p s i  A i r  S torage  
2.  Control Valve 
3 .  S e t t l i n g  Chamber and Heater 
4 .  T e s t  Sec t ion  
5. Con t ro l l ab le  Di f fuse r  
6 .  Plenum Sect ion  Vacuum bine 

7 .  Atmospheric Exhaust Tower 
8. Vacuum Fie ld  
9.  Tunnel Control Panel 

10. Tunnel Data System Panel 
11. Pressure  Switch Panel 
1 2 .  Schl ie ren  Receiver 

FIGURE 3. 14 x 14-INCH TUNNEL AND CONTROL AREA 
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FIGURE 4; INTERCHANGEABLE TEST SECTIONS 



A i r  Supply System 

A i r  Compressor and Vacuum Pumps. A i r  is compressed by a r ec ip roca t -  
ing three-s tage  a i r  comwessor (Figure 5a) dr iven  by a 1500 hp e lectr ic  
motor. The rated capac i ty  of t h e  system is 4500 scfm a t  a d e l i v e r y  
pressure  of 500 ps ig .  The air  is passed from t h e  t h i r d  s t a g e  through an 
a f te rcooler ,  and an o i l  absorber  t o  a chemical dryer  which reduces t h e  
dew po in t  t o  -40'F o r  lower. From the  dryer ,  t h e  a i r  is de l ivered  t o  a 
6000 cubic  f o o t  c y l i n d r i c a l  s t o r a g e  tank. The compressor pumping curve 
is shown i n  Figure 5b. 

The vacuum system c o n s i s t s  of f i v e  vacuum pumps evacuating s i x  
interconnected tanks wi th  a combined volume of 42,000 cubic  f e e t .  The 
pumps (Figure 6 a )  are  dr iven  by motors t o t a l i n g  500 hp and have a com- 
bined capac i ty  of 10,200 c f m  a t  atmospheric i n t ake  pressure.  The vacuum 
pumping r a t e  is given i n  F igure  6b. 

Valves. Three valves are  located between t h e  s t o r a g e  tank and the  
t e s t  s e c t i o n .  The f i r s t  va lve  immediately following t h e  s t o r a g e  tank is 
a manual g a t e  valve which is gene ra l ly  used during maintenance of the 
tunnel  c i r c u i t .  Downstream i s  the  s a f e t y  valve,  which is  located next  
t o  the ,main  con t ro l  valve.  The main c o n t r o l  va lve  is a hydrau l i ca l ly  
operated g a t e  va lve  which was  designed and f ab r i ca t ed  a t  MSFC. It has 
t h e  unique f e a t u r e s  of low wear, few p a r t s ,  and y e t  providing a p o s i t i v e  
s e a l  i n  the  closed pos i t i on .  The servo system which pos i t i ons  t h e  va lve  
is ac tua ted  from the  tunnel  ope ra to r ' s  con t ro l  panel. Control s i g n a l s  
f o r  t h e  va lve  a r e  obtained from t h e  e r r o r  s i g n a l  which is  i n  t u r n  obtained 
from t h e  comparison of t h e  a c t u a l  s t agna t ion  pressure  and a s t agna t ion  
p r e s s u r e  "setpoint." The c o n t r o l  va lve  opens and c loses  as requi red  t o  
compensate f o r  tank pressure  drop and o the r  p r e s s u r e  f l u c t u a t i o n s .  Two 
valves a r e  necessary foir choosing exhausting condi t ions .  The a u x i l i a r y  
vacuum l i n e  conta ins  a 30-inch b u t t e r f l y  valve,  and a 48-inch b u t t e r f l y  
va lve  c o n t r o l s  the  atmospheric exhaust. 

Tunnel C i rcu i t .  Immediately downstream o f  the  con t ro l  va lve  i s  a 
con ica l  d i f f u s e r  which conta ins  four  shock holders  t h a t  he lp  prevent  
pressure  f l u c t u a t i o n s  r e s u l t i n g  from shock o s c i l l a t i o n s .  The s e t t l i n g  
chamber i s  approximately s ix  f e e t  i n  diameter and houses a tube-type,  
counter-flow hea t  exchanger us ing  hot  water. 
exchanger are two three-mesh flow s t r a i g h t e n e r s  and t h r e e  twenty-mesh 
flow damping screens.  

Downstream of  t h e  hea t  

The s e t t l i n g  chamber i s  pro tec ted  from overpressure by t h r e e  12-inch 
diameter rup tu re  d i s c s ,  set a t  120 ps i a .  Also mounted on t h e  s e t t l i n g  
chamber is  a pressure  r e l i e f  valve descr ibed i n  a l a t e r  sec t ion .  
suc t ion  for t r anson ic  t e s t i n g  i s  con t ro l l ed  by the  tunnel  opera tor  and 
is used to  make f i n a l  Mach number adjustments. 

Plenum 
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0perationa.l  Charac te r i s  t ics  
8' 

The 14 x 14-Inch T r i s o n i c  Wind Tunnel is capable  of performing a 
var ied range of t e s t i n g .  The t ransonic  s e c t i o n  o f f e r s  a useable  t e s t i n g  
range of 0 .3  t o  2.5 w i t h  t h e  exc lus ive  f e a t u r e  of a v a r i a b l e  p o r o s i t y  
t es t  s e c t i o n .  This d i s t i n c t i o n  allows t h e  w a l l  poros i ty  t o  be s e t  s o  
as t o  provide optimum wave c a n c e l l a t i o n  f o r  each Mach number. Plenum 
s u c t i o n  is provided by t h e  a u x i l i a r y  vacuum l i n e  wi th  t h e  tunnel  
normally exhausting t o  atmosphere. 

The changeover from t ransonic  t o  supersonic  r e q u i r e s  approximately 
30 minutes and can u s u a l l y  b e  performed during pump-up o r  charging t i m e .  
The supersonic  s e c t i o n  extends t h e  Mach range from 2.75 through 5.00. 

The o p e r a t i o n a l  range of s t a g n a t i o n  pressures  of 22 t o  105 p s i a  is 
a func t ion  of Mach number and tunnel  l i m i t s .  This pressure  range r e s u l t s  
i n  a dynamic pressure  range of 288 PSFA t o  2880PSFA. The corresponding 
Reynolds number range is one m i l l i o n  t o  e ighteen m i l l i o n  per f o o t .  The 
nominal average s t a g n a t i o n  temperature is  100°F. These opera t iona l  
c r i t e r i a  are  presented g r a p h i c a l l y  i n  Figures 7, 8 ,  and 9. 

The maximum run times a r e  approximately t h r e e  minutes f o r  t h e  most 
favorable  t ransonic  condi t ion ,  and about 40 seconds f o r  supersonic  flow 
wi th  vacuum exhausting. Force t e s t s  r e q u i r e  approximately e i g h t  seconds 
per angle  of a t t a c k ,  and pressure  t e s t s  r e q u i r e  approximately four teen  
seconds per angle  of a t t a c k .  

The run t i m e  i s  dependent upon the  Mach number and tunnel operat ing 
condi t ions.  This is shown g r a p h i c a l l y  i n  Figure 9. 

A tunnel  c a l i b r a t i o n  is  n o t  presented i n  t h i s  r e p o r t ,  b u t  is 
referenced t o  the  wind tunnel  c a l i b r a t i o n  handbook [l].  The Handbook 
presents  a complete c e n t e r l i n e  Mach number c a l i b r a t i o n ,  t ransonic  cone- 
c y l i n d e r  pressure  d i s t r i b u t i o n s  , and flow a n g u l a r i t i e s .  A l l  dev ia t ions  
from t h e  surveyed flow a r e  w i t h i n  t h e  normally accepted values .  

MODELS AND MOUNTING 

In t roduct ion .  I n  genera l ,  the  two types of t e s t i n g  c u r r e n t l y  
being done i n  the  tunnel  are  s t a t i c  s t a b i l i t y  and pressure  t e s t s .  
Although &he tunnel  is not  r e s t r i c t e d  to these  types,  o ther  types of 
t e s t s  may r e q u i r e  special  planning and prepara t ions .  A s p e c i a l  t e s t  
s e c t i o n  (Figure 4 )  using a plug nozzle  concept i s  a v a i l a b l e  t o  perform 
c e r t a i n  i n v e s t i g a t i o n s  of base flow phenomena such as those assoc ia ted  
w i t h  multi-engine boos te rs .  The "model" o r  v e h i c l e  base region is an 
extension of t h e  nozzle  plug. A 3500 p s i a  a i r  source  is  a v a i l a b l e  t o  
s i m u l a t e  engine flow. 
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A l l  models must have adequate provis ions f o r  l e v e l i n g  when i n  t h e  
tunnel i n  t h e  p i t c h  and r o l l  plane. This can be accomplished wi th  " f l a t s "  
o r  s u i t a b l e  p in  loca t ions .  

Model Sizing.  The maximum model s i z e  is l a r g e l y  dependent on the  

A genera l  " r u l e  of 
ind iv idua l  model geometry, Mach number, and Reynolds number. It is 
d i f f i c u l t  t o  s p e c i f y  exac t  r u l e s  f o r  model s i z i n g .  
thumb" guide f o r  model s i z i n g  is t h a t  launch veh ic l e  conf igura t ions  and 
s i m i l a r  bodies of revolu t ion  can be t e s t e d  w i t h  r e l i a b l e  r e s u l t s  i f  t h e  
model base d i a m e t e r  is t h r e e  inches o r  less and t h e  length  is four teen  
inches o r  less. 
but  a l s o  proper wake establ ishment .  I n  unusual cases, it i s  recommended 
t h a t  t h e  t e s t  o r i g i n a t o r  d i s c u s s  t h e  s p e c i f i c  conf igu ra t ion  and tes t  
requirements wi th  f a c i l i t y  and des ign  personnel before  model design. 

The c o n t r o l l i n g  c r i te r ia  a f f e c t  no t  only tunnel  s t a r t i n g  

S t a r t i n g  Loads. It is inherent  i n  an i n t e r m i t t e n t  supersonic  f a c i l -  
i t y  t h a t ,  during the  s t a r t i n g  o r  s topping sequence, a h igh  energy f o r c e  
i s  a p p l i e d  t o  t h e  model due t o  the  shock w a v e  moving through the  t es t  
sec t ion .  This f o r c e  i s  much g r e a t e r  than t h e  normal running a i r  loads.  
The "Normal Shock" theory is considered t o  provide the  most acceptab le  
approach t o  determine these  loads.  This theory assumes t h a t  a normal 
shock e x i s t s  a t  t h e  leading edge or  nose of t h e  model and is extended 
i n  one d i r e c t i o n  only. A p l o t  of normal shock theory s t a r t i n g  coef-  
f i c i e n t  as a func t ion  of Mach number is  presented i n  Figure.10.  The 
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normal shock theory s t a r t i n g  c o e f f i c i e n t  i s  defined as s t a r t i n g  normal force 
divided by t h e  s t agna t ion  pressure  times t h e  t o t a l  projected a rea .  On 
t h e  bas i s  of experiments conducted by AEDC, i t  is  recommended t h a t  two- 
t h i r d s  t h e  normal shock s t a r t i n g  load be used fo r  a l l  bodies of revolu- 
t i o n  wi th  small  f i n s  or  vanes [ Z ] .  

S t a r t i n g  and stopping model loads have been minimized by two 
systems. Throughout t h e  t e s t i n g  range a quick-acting dump va lve  
located i n  the  s e t t l i n g  chamber is used. This valve opens a t  "shut- 
down" t o  release the  remaining a i r  i n  t h e  s e t t l i n g  chamber, thus 
reducing t h e  tunnel s topping process,  and minimizing stopping loads.  
The model s t a r t i n g  loads i n  t h e  supersonic range have been minimized 
by evacuating t h e  t e s t  s e c t i o n  immediately before  s t a r t i n g  the  tunnel .  
The s t a r t i n g  shock the re fo re  moves through t h e  t e s t  s e c t i o n  much f a s t e r  
than when t h e  tunnel i s  s t a r t e d  with t h e  t es t  s e c t i o n  a t  atmospheric 
pressure.  

Pressure  Models. A s e t  of ten  pressure  muIt iPlexers  (scanivalves)  
are  capable of measuring up t o  240 pressures .  The scanivalves  a r e  
dr iven  by s tepping solenoids  i n  s e t s  of f i v e .  The scanivalves  a r e  
loca ted  as c lose  t o  the  model as f e a s i b l e  t o  minimize t h e  pneumatic 
response o f  t he  system. Typical ly  tubing length  i s  3 - 5 fee t .  

Pressure tubes from the  models are connected a t  the  tunnel wal l s  
through a quick disconnect  bulkhead f i t t i n g .  

P l a s t i c  tubing is  used t o  connect t he  model tubing t o  the  quick- 
disconnect  blocks.  A l l  p ressure  o r i f i c e s  on t h e  model should be f l u s h  
and perpendicular t o  t h e  ex terna l  su r f ace  and should not  be  l e s s  than 
0.040 inches i n  diameter. Model tubula t ions  should be .049 O.D. s t a i n l e s s  
s teel  f o r  system compat ib i l i ty .  

The model i s  tubed up t o  t h e  mating terminal plugs before  the  t e s t ,  
thoroughly flushed wi th  so lven t ,  and then leak-checked. This advance 
"setup" subs t a n t i a l l y  reduces t h e  i n s t a l l a t i o n  time. 

S t a t i c  S t a b i l i t y  Models. S t a t i c  s t a b i l i t y  models a re  normally 
mounted on a NASA-furnished balance and s t i n g  except f o r  c e r t a i n  
unusual cases .  The appropr ia te  s t ing-balance combination w i l l  normally 
be chosen by the  model design s t a f f  from c r i t e r i a  furnished by t h e  
o r ig ina t ing  aerodynamics group. Certain cons idera t ions  such a s  those 
presented below a r e  gene ra l ly  the  s e l e c t i o n  points :  

1. Ranges of forces  and moments 

2.  Space l i m i t a t i o n s  of t h e  model balance c a v i t y  

3 .  Proper tunnel placement 

1 7  



4. Correct  balance-model placement so a s  t o  l o c a t e  the  
model c e n t e r  of pressure  as c l o s e  t o  balance cen te r  
as poss ib le .  

Any a d d i t i o n a l  information on balances and s l eeves  a v a i l a b l e  may 
be obtained from the Gas Dynamics Sec t ions ,  Experimental Aerophysics 
Branch, Aerophysics Divis ion,  Aero-Astrodynamics Laboratory. 

I f  base pressure  co r rec t ions  are t o  be appl ied  t o  a x i a l  f o r c e  d a t a ,  
provis ions m u s t  be made t o  have a t ransducer  l i n e  leading t o  the  model 
base o r  c a v i t y  a rea .  These pressures  a r e  measured by ind iv idua l  t r a n s -  
duce r s  mounted e x t e r n a l l y  t o  the  a i r  s t ream about t h ree  f e e t  from the  
model. 

Model Mounting Hardware. A family of compatible model s t i n g s ,  
s t i n g  o f f s e t s ,  s t i n g  extensions and spec ia l  purpose s t i n g s  a r e  a v a i l -  
a b l e  f o r  t e s t  i n s t a l l a t i o n s  a t  t h e  14 x 14-Inch Tr i sonic  Wind Tunnel. 
The c e n t e r  of r o t a t i o n  a t  tunnel s t a t i o n  20 determines t h e  proper model 
placement, and once the  length  from t h e  c e n t e r  of t h e  model t o  the  end 
of i t s  s t i n g  is known, the  assoc ia ted  mounting hardware can be d e t e r -  
mined. 

For an angle-of -a t tack  range + lo" ,  a s t r a i g h t  s t i n g  extension is 
picked from those l i s t e d  i n  Figure 1 2 .  For p re s su re  t e s t s ,  a pressure  
s t i n g  extension may be chosen from those l i s t e d  i n  Figure 13. 

Both t h e  s t i n g  extensions and o f f s e t s  can be adapted wi th  t h e  use 
of c o l l e t - t y p e  inserts t o  chuck four  s t i n g  diameters:  0.500, 0.625, 
0.750 and 0.875 inches.  

I f  a higher  angle  of a t t a c k  is  des i r ed ,  t h e r e  are s e v e r a l  o f f s e t s  
a v a i l a b l e  f o r  6", 8", and 15",  furn ish ing  up t o  25" angle  of a t t ack .  
The o f f s e t s  a r e  a v a i l a b l e  f o r  var ious model s t i n g  lengths .  The o f f s e t s  
a r e  shown i n  Figures  14 and 15. The 6" and 15" o f f s e t  incorporated i n  
Figure 14 w i l l  provide an angle  of a t t a c k  of -4" t o  +25" i n  two runs.  
This arrangement allows t h e  r e l a t i v e  model-tunnel dimensions t o  remain 
cons tan t  i n  switching between t h e  two ranges. 

A special  knuckle s t i n g  (Figure 11) i s  a v a i l a b l e  that can provide 
an angle  of a t t a c k  range of -10 t o  +40 degrees o r  a s i m i l a r  yaw range 
when r o l l e d  90 degrees.  Due t o  the  length  of t he  s t i n g  s p e c i a l  a t t e n -  
t i o n  should be given t o  model base loca t ion .  

A wide assortment of  "special  test" s t i n g s  i s  a v a i l a b l e  but  must be  
considered on an ind iv idua l  bas i s .  I f  the  l i s t e d  s t i n g s  do not meet the  
tes t  requirements,  then contac t  t h e  ch ief  of t h e  Gas Dynamics Sec t ion ,  
Experimental Aerophysics Branch, Aerophysics Divis ion,  Aero-Astrodynamics 
Lab0 r a tory.  
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FIGURE 13. PRESSURE STING EXTENSION 
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Model Support System. The model is posi t ioned i n  the  "pitch" 
p lane  by a remotely con t ro l l ed  hydraul ic  s e c t o r  d r i v e  as shown i n  
Figure 16. The s e c t o r  c a r r i e s  a c e n t e r  s t i n g  with a chucking device 
f o r  support ing the  miscellaneous model s t i n g s  as previous ly  mentioned. 
The s e c t o r  has a f ixed  c e n t e r  of r o t a t i o n  a t  tunnel s t a t i o n  20. The 

t o  t h e  s e c t o r  and model hardware. A quick disconnecting pressure  plug 
i s  located a t  t h e  i n t e r s e c t i o n  of the s e c t o r  and the  cen te r  s t i n g .  

i tunnel may be opened a t  the  t e s t  s e c t i o n  d i f f u s e r  junc t ion  f o r  access  

I 
Three model pos i t ion ing  modes a r e  s e t  up i n  t h e  con t ro l  system: 

manual , pitch-pause,  and ve loc i ty .  The pitch-pause mode allows the  
model t o  assume a prese lec ted  s e r i e s  of angular pos i t i ons ,  pausing a t  
each angle  t o  a l low da ta  sampling before  proceeding t o  t h e  next posi-  
t ion .  Up t o  19 angles  may be taken i n  t h i s  mode. The manual mode 
allows angular  pos i t i ons  t o  be manually s e t  by a potentiometer mounted 
on the  c o n t r o l  console.  The manual mode i s  used during c a l i b r a t i o n s  
and spec ia l  t e s t s .  The ve loc i ty  mode allows t h e  model t o  move a t  a 
cons tan t  ra te  between two chosen ,angular pos i t ions  wi th  t h e  ve loc i ty  
ad jus t ab le  up t o  about 20" per second. I n  a l l  t h r e e  modes, t h e  model 
may be pitched i n  a v e r t i c a l  plane through a 20" angle-of-at tack range. 

INSTRUMENTATION AND DATA HANDLING EQUIPMENT 

S t a t i c  S t a b i l i t y  Instrumentation. A l l  model fo rce  and moment d a t a  
A wide v a r i e t y  of s i z e s  a r e  measured by i n t e r n a l  s t r a i n  gage balances.  

and load ranges a r e  a v a i l a b l e  f o r  model i n s t a l l a t i o n .  Balances a r e  
pe r iod ica l ly  c a l i b r a t e d  and then check c a l i b r a t e d  before  each t e s t .  
Ca l ib ra t ion  cons tan ts  are determined from prime loadings of the  balance.  
Combined loadings a r e  taken f o r  f u r t h e r  balance evaluat ion.  Weight 
t a r e s  a r e  taken f o r  a11 models, and co r rec t ions  appl ied t o  the  f i n a l  
data .  

Check loads a r e  hung on t h e  model when i n s t a l l e d  i n  the  tunnel ,  
which serves  t o  s e t  balance s e n s i t i v i t i e s  and check t r a n s f e r  d i s tances .  
This procedure is repeated pe r iod ica l ly  during each t e s t  and a t  the  
conclusion of t he  t es t .  

Deflect ion of t he  model s t i n g  and balance due t o  aerodynamic loads 
i s  taken i n t o  account and the  angle  of a t t a c k  cor rec ted  where def lec-  
t i o n  becomes excessive.  

The most commonly used balance is the  six-component type t h a t  
measures normal fo rce ,  s i d e  fo rce ,  p i tch ing  moment, yawing moment, 
r o l l i n g  moment, and a x i a l  force.  A t yp ica l  balance i s  shown i n  Fig- 
u r e  17 .  R a t e d  balance loads vary from 1.6 t o  150 pounds normal force ,  
wi th  t h e  moment c a p a b i l i t i e s  c o n s i s t e n t  wi th  the  normal fo rce  loads and 
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RE 17. TY PlCAL THREE-COMPONENT MODEL BALANCE 

expected c e n t e r s  of pressure.  The t a b l e  i n  Figure 18 g ives  t h e  avail- 
a b l e  balances f o r  t h e  14 x 14-Inch T r i s o n i c  Wind Tunnel [3 ] .  Presented 
a r e  t h e  balance number, t h e  type balance,  the  load range and t h e  
important d imens ions.  

Balances furnished by o u t s i d e  users  may be used i f  they a r e  com- 
p a t i b l e  w i t h  e x i s t i n g  mechanical hardware and data system. 

Pressure  Instrumentat ion.  The two p r e s s u r e  measuring systems cur-  
r e n t l y  employed a t  t h e  14 x 14-Inch T r i s o n i c  Wind Tunnel a r e  pressure  
scanning switches and s i n g l e  t ransducers .  Standard ha l f - inch ,  f l u s h  
diaphragm, s t r a i n  gage t ransducers  a r e  used f o r  both systems. Trans- 
ducers ranging from 5 p s i d  t o  500 p s i a  a r e  a v a i l a b l e  t o  t h e  user .  For 
normal running, 5 p s i a  1 2  1 / 2  p s i d ,  and 25 p s i d  t ransducers  a r e  used. 

The pressure  measuring system c o n s i s t s  of two solenoid-dr iven banks 
of f ive,  24 portl-ijressure m u l t i p l e x e r s  (scanivalves)  capable  of  measuring up 
t o  240 pressures .  A s i n g l e  scaniva lve  bank is shown i n  Figure 19. A 
schematic is  shown i n  Figure 20. 

Pressure  tubing connecting the  model t o  t h e  measuring system ranges 
from f o u r  t o  f i v e  f e e t  i n  length.  Due t o  t h e  "Pi tch  Pause" sampling 
technique, pneumatic l i n e  l a g  i s  n e g l i g i b l e .  
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REMARKS 

( 1 )  These a r e  nominal values .  

( 2 )  Balances have a forward and a f t  t ape r  of 1 i n / f t  and a r e  
gene ra l ly  interchangeable  f o r  the same diameters.  

FIGURE 18. BALANCE LISTING 
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FIGURE 19. PRESSURE SWITCHES (SCANIVALVES) 
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FIGURE 20. SCANIVALVE MODULE 
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Up t o  t e n  pressures  may be measured by using s i n g l e  t ransducers  
mounted e x t e r n a l  1 y . 

Data a r e  sampled and punched ou t  i n  d i g i t a l  form on cards  during 
t h e  run. A l l  t ransducers  a r e  checked a t  l e a s t  once every e i g h t  hours 
of t e s t i n g  o r  more o f t e n ,  as needed. Bench c a l i b r a t i o n s  a r e  pe r iod ic -  
a l l y  conducted on a l l  a c t i v e  t ransducers .  

Miscellaneous Ins t rumenta t ion .  Ins t rumenta t ion  f o r  o the r  than  
r o u t i n e  t e s t s  i s  a v a i l a b l e  on advance no t i ce .  Temperature and a c o u s t i c  
pickups a r e  a v a i l a b l e ,  and have been used i n  t h e  s p e c i a l  t e s t  s e c t i o n .  

Dynamic tests can be accommodated, b u t  because of t h e i r  i n f r e -  
quency, a d d i t i o n a l  l e a d  times should be  allowed f o r  ins t rumenta t ion  
prepara t ion .  

Flow Visua l i za t ion .  Flow v i s u a l i z a t i o n  can be obtained by s e v e r a l  
d i f f e r e n t  methods. The d i r e c t  shadow, o r  shadowgraph [2]  method is  
g e n e r a l l y  t h e  most popular means of observa t ion .  The shadowgraph is 
recorded on 10" x 20" high speed b lack  and whi te  f i lm.  The model image 
is  recorded on t h e  f i l m  a t  approximately 1 . 5 X  magni f ica t ion  and can be 
varied by moving t h e  spark  source  toward (higher  magni f ica t ion)  or  away 
from (lower magni f ica t ion)  t h e  model. The shadowgraph image is  roughly 
proportioned t o  t h e  second d e r i v a t i v e  of the  flow d e n s i t y ,  thus s i m p l i -  
fy ing  i n t e r p r e t a t i o n .  The shadowgraph is  used ex tens ive ly  i n  boundary 
l aye r  s t u d i e s .  Film handl ing l i m i t s  t h e  r a t e  t o  only two o r  t h r e e  
shadowgraphs dur ing  a run (30-second c y c l e  t ime) .  A r o l l  f i l m  adapter  
i s  a v a i l a b l e  r equ i r ing  only  a three-second c y c l e ,  b u t  i s  no t  g e n e r a l l y  
used because of i nhe ren t  disadvantages [4].  

The Sch l i e ren  system [5]  d i f f e r s  from t h e  shadow method i n  t h a t  t he  
Sch l i e ren  image is  propor t iona l  t o  the  f i r s t  d e r i v a t i v e  of t h e  dens i ty .  
A d i r e c t  comparison can be made from t h e  photographs- i n  Figure 21. The 
image from the Sch l i e ren  is  recorded on e i t h e r  s t i l l  f i l m  o r  motion 
p i c t u r e  f i lm.  The Var i t ron  and Polaro id  s t i l l  cameras s h a r e  t h e  same 
l ens  system. The Var i t ron  camera records  images on 70 mm f i l m  and pro- 
duces up t o  300 permanent nega t ives  per  r o l l  of f i lm .  The Polaroid f i l m  
is  f o r  exposure checks and "on t h e  spot" flow a n a l y s i s .  

Motion p i c t u r e s  a r e  recorded on one of t h r e e  cameras. The Fastax 
is  a h igh  speed 1 6  mm camera capable  of up t o  8000 frames per  second on 
a 400-foot r o l l  of f i lm .  The Mi l l i ken  camera is a medium speed camera 
w i t h  a speed range of one t o  400 frames per  second on a 200-foot f i l m  
r o l l .  A Kodak Cine I1 is  a l s o  a v a i l a b l e  wi th  f i l m  speeds of 16 fps  t o  
128 f p s  on 100-foot f i l m  r o l l s .  

Flow s t u d i e s  using o i l  and p a i n t  pigment have had some success  i n  
c e r t a i n  a reas .  An o i l  f low s tudy  is  shown i n  F igure  22.  
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FIGURE 22. OIL FLOW STUDY 

Cal ib ra t ion  Equipment. The two ca t egor i e s  of prime in t e re s t  a r e  
balance-st ing and pressure  t ransducer  c a l i b r a t i o n .  Balances a r e  furnished 
ready f o r  tunnel i n s t a l l a t i o n .  
dead-weight loadings,  p rec i s ion  c a l i b r a t i o n  bodies , and p r e c i s e  alignment 
and loading techniques.  Af t e r  t h e  balance is  checked, the  proper s t i n g -  
balance is  loaded and s t i n g  de f l ec t ions  recorded by t h e  prec is ion-  
mechanical measuring equipment (Figure 23) .  Dimensional model checks and 
measurement of model moment t r a n s f e r  d i s t a n c e  a r e  a l s o  made. 

Or ig ina l  c a l i b r a t i o n s  have been made using 

The balance is dead-weight loaded and checked through the tunnel  
data system and proper load s e n s i t i v i t i e s  s e t  up before  running. 

Pressure  t ransducers  are p e r i o d i c a l l y  checked by p rec i se  s tandards  , 
and continuous checks a r e  made d a i l y  i n  t h e  tunnel  by a p rec i s ion  d i a l  
manometer w i th  a 45-inch sweep  and a gage accuracy of 0.1 percent  of f u l l  
scale. Tunnel s t agna t ion  and s t a t i c  pressure  pickups are a l s o  checked 
d a i l y  by s i m i l a r  means. The pressure  c a l i b r a t i o n  panel is shown i n  
Figure 24. 
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FIGURE 23. PRECISION MECHANICAL MEASURING EQUIPMENT 

FIGURE 24. PRESSURE CALiBRATlON PANEL 
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Data Recording Equipment [61. Data a c q u i s i t i o n  equipment c o n s i s t s  
of a s o l i d  s t a t e  d i g i t a l  a c q u i s i t i o n  system suppl ied  by Systems Engineer- 
ing Labora tor ies  (SEL) and a programmer (see Figure 25). 

The SEL equipment mul t ip lexes  1 2  channels of low level s i g n a l s ,  
d i g i t i z e s  t h e  mult iplexed s i g n a l  and punches the  data using an IBM Summary 
Punch. 
model measurements; t h e  remaining two channels a r e  used f o r  tunnel  param- 
e t e r s .  There are  fou r  visual d isp lays  on t h e  SEL u n i t  t h a t  can monitor 
selected channels.  Two visual d isp lays  on the  c o n t r o l  console provide 
s t agna t ion  and s t a t i c  p res su re  readouts.  
four -p lace  decimal readout  w i t h  a f u l l  scale readout  of & 3999 counts.  

Only 10 channels of t h e  da t a ' sys t em are used f o r  experimental  

The s i x  d i sp l ays  provide a 

The programmer func t ions  as a c o n t r o l  u n i t  t o  synchronize the opera- 
t i o n s  of t h e  SEL data system and t h e  IBM 523 Summary and Punch wi th  the  
Scanivalve system, t h e  angle-of -a t tack  s e c t o r  d r i v e  c o n t r o l l e r  and the 
angle-of -a t tack  encoder. 

Time requirements f o r  d a t a  a c q u i s i t i o n  d i f f e r  from pressure  and f o r c e  
t e s t i n g .  The normal p re s su re  t e s t  r equ i r e s  approximately 10-12 seconds 
between angles  of a t t a c k ,  w i t h  f o r c e  t e s t i n g  r equ i r ing  3-4 seconds 
between angles  of a t t a c k .  
t e s t  condi t ions .  

These values are nominal and w i l l  change wi th  

Avai lable  immediately t o  t h e  user  i s  a p r i n t o u t  typewri te r  f o r  
"quick checks" on t h e  unscaled data. 
t o  check f o r  l i n e a r i t y  and r e p e a t a b i l i t y  of t h e  d a t a .  
block diagram is presented i n  Figure 26. 

An automatic  p l o t t e r  may be used 
A data system 

DATA PROCESSING AND PRESENTATION 

Data Processing. Data i n  t h e  form of d i g i t a l  punched cards are 
furnished t o  t h e  o n - s i t e  computer. The computer, shown i n  Figure 27, 
is a General Electric 205 wi th  an on- l ine  p r i n t e r  system. Several  pro- 
grams are avai l -able  f o r  data reduct ion,  including f o r c e  and pressure  
programs. The f o r c e  program covers both t h r e e  and s i x  component model 
ba lances ,  The pressure  programs a r e  ex tens ive  and inc lude  a l o c a l  
normal f o r c e  program. Any program requirements not  c u r r e n t l y  covered 
may be negot ia ted  during i n i t i a l  t e s t  planning. 

The ca l cu la t ed  aerodynamic c o e f f i c i e n t s  are punched on s tandard  
80-column cards  and p r in t ed  s imultaneously i n  t a b u l a r  form by t h e  l i n e  
p r i n t e r .  The cards are then used by the  automatic  p l o t t e r  (shown i n  
F igure  28) t o  f u r n i s h  f i n a l  p l o t t e d  da t a  i f  requested by the  p r o j e c t  
engineer.  The p l o t t i n g  ra te  of t h e  automatic p l o t t e r  is  about 100 
po in t s  per mlnute. 
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FIGURE 27. TUNNEL COMPUTER 
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FIGURE 28. AUTOMATIC DATA PLOTTER 
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Data P resen ta t ion .  The p r o j e c t  engineer  o r  r e p r e s e n t a t i v e  i s  furn-  
ished one copy o f  t he  r a w  d a t a  as soon as it  i s  p r i n t e d  a f t e r  each run. 

The d a t a  are reduced as soon as poss ib l e ,  and one copy o f  t he  
reduced d a t a  is  t r ansmi t t ed  d i r e c t l y  t o  the  p r o j e c t  engineer .  The t i m e  
r equ i r ed  f o r  d a t a  r educ t ion  varies, depending upon t h e  type o f  t e s t ,  
the number o f  components, and the  number o f  d a t a  po in t s .  For s tandard 
programs, reduced d a t a  w i l l  be a v a i l a b l e  on the  fol lowing working day. 
P res su re  d a t a  are normally presented  as e i t h e r  l o c a l  p re s su re  r a t i o s  
@/Po) o r  p re s su re  c o e f f i c i e n t s  (C ). 
t i o n a l  c o e f f i c i e n t  form. Typical p r i n t o u t s  are shown i n  f i g u r e  29. 

Force d a t a  are reduced t o  conven- P 

THE RESPONSIBILITY OF THE TUNNEL USER 

Once i n i t i a l  con tac t  has  been made, a dec i s ion  f o r  a f e a s i b i l i t y  
conference w i l l  be made based on t h e  complexity o f  t h e  test .  When t h e  
tes t  has been deemed f e a s i b l e  by t h e  Gas Dynamics Sec t ion ,  t h e  user  w i l l  
be requi red  t o  submit an MSFC Form 197, "Request fo r  Aerodynamic Test ing,"  
shown i n  f i g u r e  30. The information thus  suppl ied w i l l  enable  schedules 
t o  be se t  and necessary p r e - t e s t  work t o  begin. 

Af t e r  a test  has  been f i rmly  scheduled, t h e  use r  should f u r n i s h  the  
tunnel  t h e  fol lowing information a t  least  t h r e e  weeks before  @he t e s t  date:  

(1) Three complete drawing sets 
(2) 
(3)  

Two copies  o f  stress r e p o r t s  
Ten copies  of  t h e  p r e - t e s t  r e p o r t .  

Model drawings should include d e t a i l e d  drawings wi th  mater ia l  and 
h e a t  t rea tment  des igna t ions  o f  each model and s t i n g  p a r t  and s u f f i c i e n t  
assembly drawings t o  show t h e  e x t e r n a l  model shape, t h e  balance and 
s t i n g  attachment,  c learances ,  and t h e  tunnel  i n s t a l l a t i o n .  

The stress r e p o r t  should con ta in  a d e t a i l e d  a n a l y s i s  o f  t h e  model 
and mounting hardware, and should be made so t h a t  c r i t i c a l  s e c t i o n s  can 
be loca ted  and checked. Analysis  should be based on the  running o r  
s t a r t i n g  load,  whichever i s  the  l a r g e s t .  A minimum s a f e t y  f a c t o r  o f  4.0 
based on u l t i m a t e  s t r e n g t h  i s  requi red .  Any dev ia t ions  s h a l l  r e q u i r e  
t h e  advance approval o f  t h e  f a c i l i t y  manager. 

The p r e - t e s t  r e p o r t  s h a l l  be a complete compilat ion o f  t he  r e q u i r e -  
ments o f  t h e  test  and should include a t  least  t h e  fol lowing i t e m s :  

1. In t roduct ion .  

2. T i t l e  of program. 

34 



3. Secur i ty  information f o r  the  model, t he  t e s t  da t a ,  and the  
f i n a l  d a t a  r epor t .  

4 .  Purpose and scope o f  t e s t .  

5. Model d e s c r i p t i o n  - dimensional d e t a i l s ,  model i n s t a l l a t i o n  
sketches,  r e f e rences ,  con f igu ra t ion  nomenclature. 

6. Model load estimate - maximum load condi t ions ,  cen te r  of 
pressure ,  curves of  any similar known conf igura t ion  o r  
es t imated cha rac t e r  i s  t i cs .  

7. F a c i l i t y  opera t ing  condi t ions  - pressure  l e v e l s ,  angle-of- 
a t t a c k  ranges,  Mach numbers, Reynolds numbers, etc.  

8. F a c i l i t y  mounting hardware - t o  be furnished by the  use r ,  
t o  be furnished by the f a c i l i t y .  

9 .  Special  equipment requirements - photographic coverage, flow 
v i s u a l i z a t i o n ,  model foul ing  i n d i c a t o r s ,  p ressure  instrumen- 
t a t i o n ,  a u x i l i a r y  a i r ,  a u x i l i a r y  e l e c t r i c a l  power, hinge 
moments, e t c .  

10. Estimated f a c i l i t y  occupancy - i n s t a l l a t i o n ,  running, model 
changes, removal. 

11. Data t o  be recorded during tes ts  - configuration,Mach number, 
six-component force  d a t a  (N, 4, PM, e t c . ) ,  base p re s su res ,  
l o c a l  model p re s su res ,  tunnel ope ra t ing  condi t ions ,  e t c .  

12.  Data reduct ion  - model r e fe rence  a reas  and lengths ,  moment 
re ference  p o s i t i o n ,  d e f i n i t i o n  of aerodynamic c o e f f i c i e n t s  
(e.g., CN = N/qS body a x i s ) ,  re fe rence  a x i s  t r a n s f e r  equat ions,  etc.  

13. Data p resen ta t ion  - d a t a  t o  be tabula ted  and order  of  t abu la t ion  
des i r ed ,  and where and t o  whom the  d a t a  should be de l ivered .  

14. General - names,addresses, and phone numbers of the personnel 
who w i l l  p a r t i c i p a t e  i n  the t es t  and t h e i r  t e n t a t i v e  a r r i v a l  
da t e s ,  shipping i n s t r u c t i o n s  f o r  r e t u r n  o f  t he  model and o ther  
equipment, e t c .  

15. Tenta t ive  run  schedule. 

P 

The tes t  hardware and equipment should be de l ivered  to  the  F a c i l i t y  
Manager as e a r l y  as poss ib l e  and a t  least  two weeks before  t e s t i n g .  
Addit ional  t i m e  may be requested for  complex tests. 
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A p r e - t e s t  conference i s  usua l ly  held two weeks before  the  tes t  t o  
r e so lve  las t -minute  t es t  d e t a i l s  and t o  f a m i l i a r i z e  a l l  personnel with 
the  t es t .  
t h i s  t i m e .  Conferences w i l l  be scheduled by M r .  D. 0. Cope and/or 
the F a c i l i t y  Manager. 

Data reduct ion  requirements w i l l  a l s o  be firmed up during 

A l l  p r e - t e s t  coord ina t ion  whould be done through the F a c i l i t y  Manager 
o r  the  person he des igna tes .  During the  t e s t i n g ,  the  user  should coordi-  
na t e  a l l  test requirements through the  ope ra t ing  c o n t r a c t o r ' s  f a c i l i t y  
engineer  assigned t o  the  tes t .  It i s  necessary t h a t  the  use r  have a 
q u a l i f i e d  p r o j e c t  engineer  present  a t  a l l  times t o  monitor r e s u l t s  and 
make necessary dec i s ions  concerning t h e  conduct of t he  test. 

Addit ional  information may be obtained from the  Chief,  Gas Dynamics 
Sect  ion,  Experiment a1 Aerophysics Branch, Aerophysics Div is ion ,  Aero - 
A s  trodynamics Laboratory. 
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Any changes to exist ing tunnel performance or procedures as 
noted in  th is  handbook w i l l  be issued to acknowledged recipients.  
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